Heterogeneous reaction mixture is formed by transesterification of vegetable oils. The reaction mixture contains methyl esters of higher fatty acids and glycerol mainly. From this mixture, biodiesel is gained by spontaneous sedimentation in the gravitational field. The sedimentation can be considerably accelerated by controlled addition of water. It was found that addition of small amount of water into the crude reaction mixture affected significantly the mixture and substantial change in the speed of the separation took place. Considerable differences in the composition and quality of ester and glycerol phases occurred. Optical properties (transmittance and refractive indices) of heterogeneous reaction mixture are change after addition of water; this change can be observed spectrophotometrically. This method is applicable for all types of vegetable oils including waste frying oils.
in the aforementioned reaction. The mixture is composed of two liquid phases -ester (EP) and glycerol phase (GP). The excess catalyst is eliminated by gaseous carbon dioxide dosed into the final reaction mixture (2 
The distillation of methanol from the neutralized reaction mixture is the next step in this procedure. Main products, mixture of methyl esters and glycerol, are separated usually by sedimentation. To accelerate the separation, suitable amount demineralized water is added into the mixture [9] . The heavier glycerol phase (GP) contains, besides glycerol, also the rest of the catalyst in the form of potassium carbonate, soaps and some methyl esters. The lighter ester phase (EP)
contains methyl esters and unreacted oil, residuals of soaps and glycerol.
No papers focused on the separation course of the reaction mixture after vegetable oils transesterification have been published yet.
Material and methods

Used chemicals
Rapeseed oil: firm ABC Brancouze, CZ Potassium hydroxide (solid 83 %), methanol (technical quality): Lach-Ner, CZ Demineralized water: water was prepared by reverse osmosis (AQUL 21, Aqual, Czech Republic)
Preparation of samples
Transesterification of rapeseed oil by methanol was carried out by basic catalyst (reaction temperature 60 °C with 1 wt% potassium hydroxide and molar ratio of 1:6 of the rapeseed oil to methanol) in the batch reactor. The excess of catalyst was eliminated by gaseous carbon dioxide dosed into the reaction mixture after transesterification. Exact procedure of biodiesel preparation is described in the patent [10] . Rapeseed oil was used mostly, but other types of vegetable oils (e.g.:
sunflower, palm, used frying oil) were tested, too. Raw reaction mixture (RRM) is formed after transesterification, neutralization of catalyst and demethanolization. Sample of RRM (20-23 g) was dosed to a cuvette in the spectrophotometer apparatus (Fig. 1) . The sample was mixed approx.
10 min under constant temperature (20-60 °C) and constant revolutions of the stirrer (500 rpm). A
chosen amount of demineralized water was added to RRM after standstill value of transmittance.
Dependence of the intensity of radiation transmitting through the mixture on the time was recorded.
Every addition of water was 0.05 cm 3 .
Monitoring of sedimentation
Spectrophotometrical observation of separation was carried out in the apparatus depicted in 100% transmittance was set to pure methyl ester on the spectrophotometer. All measurements were carried out with wave length 570 nm. There was the maximum of transmittance of both phases in this wave length, therefore it was chosen for all experiments.
Results and discussion
Transmittance decreases very fast after every addition of water to RRM and subsequently it increases very fast up to steady state. The other heterogeneous systems were not tested; therefore we do not know whether this process is applicable generally to all liquids or only to RRM.
Transmittance increases up to maximum (point of the maximum clarity) during addition of water into RRM. After the point of the maximum clarity, further amount of water added to RRM causes a decrease of transmittance. The mixture gets turbid immediately after every addition of water (see Fig. 2 ) and clarity occurs later. Total clarification of the mixture (to the point of the maximum clarity) and following cloudiness (after the point of the maximum clarity) arises during the addition of water. The fastest separation takes place in the maximum of transmittance (which is the minimum of absorbance) after stop of stirring, e.g. in the point of maximum clarity.
The change of transmittance during the additions of water is caused by the change of refractive indices (RI) of glycerol phases. RI of EP is constant for constant temperature and it is independent on additions of water because EP is not miscible with water. Additional water dissolves in GP only and dilutes this phase. Additions of water decrease gradually the refractive index of GP, because water has lower RI than GP. Maximum of transmittance (Fig. 3) is reached when the RI of EP and GP have the same value. Then, after stop of stirring, the fastest separation of EP from GP takes place. RI of GP is further decreased by more additions of water, the mixture becomes turbid, and the separation process becomes much slower than when the separation is carried out in the point of the maximum clarity.
Course of separation was monitored after the stoppage of stirrer as the dependence transmission of for reaction mixture vs. time. In Fig. 4 Refractive indices (RI) are dependent on temperature; therefore the amount of water added during the separation depends on temperature, too. RI of both phases decrease with decreasing temperature, but RI of EP decreases faster than RI of GP. Different rates of decreasing of RI cause increase of optimum amount of added water with decreasing temperature during of the RRM the separation process (Fig. 5) .
It was necessary to find out whether addition of water to RRM changes acid value and water content. Therefore, two biodiesel samples were prepared: the first was prepared by addition of water (2.2). The second was prepared on the same conditions of transesterification and demethanolization, but without addition of water. This experiment was reproduced fivefold. The acid value and the water content were determined in EP after separation of GP ( Table 1 ). The methods described in the Euro norm (EN 14214:2003) were used. The acid value of EP was the same in both cases and fulfils the Euro norm, thus addition of water does not change this parameter and does not cause the hydrolysis. Water content in EP is the same in both cases too, but unfortunately does not fill the norm. Therefore, the ester phase must be dried in the next step of production.
Conclusions
It is possible to accelerate the sedimentation by addition optimum amount of demineralized water after transesterification of vegetable oils (all types of oils can be used), neutralization of excess catalyst and demethanolization. The optimum amount of water is determined by measurement of the transmittance of RRM at 570 nm. The fastest separation of the ester phase from the glycerol phase is reached in the maximum of clarity (maximum of transmittance). The change of transmission of the system is caused by the change of refractive index of GP during the addition of water. Neither acid value nor water content changes, if water is added to RRM. 
